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mediastinal structures. Techniques to allow complete
surgical resection are available for this latter group of
patients,1,2 but concerns over perioperative morbidity
and mortality rates and uncertainty regarding long-term
survival have limited their widespread use. To better
understand these issues, we have reviewed our experi-
ence with carinal resection and reconstruction for bron-
chogenic carcinoma, including the long-term outcome
for these patients.
Patients and methods
This study comprises all patients who underwent primary
resection and reconstruction of the carina for bronchogenic
carcinoma at the Massachusetts General Hospital from 1973
to 1998. This group included patients with lung cancer
Bronchogenic carcinoma in close proximity to orinvolving the carina remains a challenging problem
for thoracic surgeons. Although the majority of patients
with this disease are not candidates for surgical therapy,
a select subset of individuals will not have disseminat-
ed disease or concomitant direct invasion of other vital
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be associated with significant morbidity and mortality. Little is known about
long-term survival data to guide therapy in these patients. 
Methods: We conducted a single-institution retrospective review.
Results: We have performed 60 carinal resections for bronchogenic carcino-
ma: 18 isolated carinal resections for tumor confined to the carinal or prox-
imal main stem bronchus; 35 carinal pneumonectomies; 5 carinal plus lobar
resections, and 2 carinal resections for stump recurrence after prior pneu-
monectomy. Thirteen patients (22%) had a history of lung or airway surgery.
The overall operative mortality was 15%, improved from the first half of the
series (20%) to the second half (10%), and varied according to the type of
resection performed. Adult respiratory distress syndrome was responsible for
5 early deaths, and all late deaths were related to anastomotic complications.
In 34 patients, all lymph nodes were negative for metastatic disease; 15
patients had positive N1 nodes, and 11 patients had positive N2/N3 nodes.
Complete follow-up was accomplished in 90%, with a mean follow-up of 59
months. The overall 5-year survival including operative mortality was 42%,
with 19 absolute 5-year survivors. Survival was highest after isolated carinal
resection (51%). Lymph node involvement had a strong influence on sur-
vival: patients without nodal involvement had a 5-year survival of 51%, com-
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Conclusions: This constitutes one of the largest single-institution reports on
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operative mortality is 42%. Positive N2/N3 lymph nodes may be a con-
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extending proximally to approach or involve the carina, those
who had tumor involvement confined to the very proximal
main bronchus or carina, making concomitant lung resection
unnecessary, and patients with recurrent carcinoma arising in
the bronchial stump after prior pneumonectomy. Information
and follow-up were obtained from hospital charts, office
records, referring physicians, and direct contact with the
patients or patients’ families.
Preoperative assessment. Careful preoperative evalua-
tion remains the key to success in carinal surgery. Special
attention was given to coexisting disease states and the pos-
sibility of distant metastases. Patients are strongly encour-
aged to stop smoking well before the planned procedure.
Steroid therapy is tapered and discontinued because of
detrimental effects on airway healing. If needed for pallia-
tion, a bronchoscope can often be used to core out the air-
way in patients with significant airway obstruction before
the operation.3 Complete pulmonary function tests, includ-
ing arterial blood gas analysis and ventilation/perfusion
scans, were routinely obtained to assess preoperative and
estimated postoperative lung function. Radiologic assess-
ment typically included computed tomography of the chest,
linear tomograms of the trachea and main stem bronchi, or
both. Chest computed tomography remains the best single
study to assess direct tumor involvement of the airway and
other mediastinal structures, evaluate the presence of signif-
icant mediastinal adenopathy or other evidence of intratho-
racic metastases, and judge the degree of lung parenchymal
disease. Linear tomography, although no longer routinely
performed, is extremely useful in assessing the extent of
involved and uninvolved airway, particularly with regard to
planning airway reconstruction. Other radiologic studies,
including computed tomographic scanning of the head,
bone scan, and more recently positron emission tomograph-
ic scanning, are obtained as indicated to evaluate for evi-
dence of metastatic disease.
Anesthesia. Close cooperation between the anesthesiolo-
gist and the surgeon is essential. An epidural catheter is
placed before initiation of the procedure to provide for post-
operative analgesia. An inhalational induction technique is
used until the airway is secured. Anesthesia is then main-
tained with inhalation agents combined with short-acting nar-
cotics and paralytics, with allowance for planned extubation
at the end of the procedure. A traditional double-lumen tube
is not used, because such tubes are too stiff and cumbersome
and tend to interfere with airway resection and reconstruc-
tion. Instead, we prefer to use an extra-long, armored endo-
tracheal tube that can be positioned in one of the main stem
bronchi under bronchoscopic control. The oral tube is with-
drawn into the proximal trachea at the time of airway divi-
sion. The opposite (or remaining) bronchus is intubated
across the operative field with sterile connective tubing and
an endotracheal tube. The patient’s lungs are ventilated across
the field in an intermittent fashion, with removal of the tube
to allow for precise placement of anastomotic sutures. As the
main airway (tracheobronchial) anastomosis is approximated,
the original extra-long tube is advanced beyond the area of
anastomosis, and ventilation is resumed via the oral tube as
the anastomotic sutures are tied. Secondary anastomoses are
then completed without the need for further tube manipula-
tion. After completion of all anastomoses, the endotracheal
tube is positioned in the proximal trachea to test for anasto-
motic pneumostasis and to allow for direct visualization of
the anastomoses via a bronchoscope. Should the need arise,
the anesthesia team must be familiar with optional ventilato-
ry techniques, including high-frequency and independent
lung ventilation. Cardiopulmonary bypass was not used in
this cohort of patients and in our experience is not needed for
support during carinal surgery.
Assessment of resectability. All patients were examined
with a rigid bronchoscope to allow for precise visual assess-
ment of the involved airway, including actual measurements
to help determine resectability and plan airway reconstruc-
tion. Occasionally, endoscopic debulking of endobronchial
tumor was accomplished with the rigid bronchoscope. This
was performed when respiratory failure resulting from air-
way obstruction was present, to assist in the management of
postobstructive pneumonia before definitive resection, and to
facilitate airway management during airway reconstruction.
The majority of patients underwent mediastinoscopy, with
some variation due to surgeon preference. The presence of
involved upper mediastinal lymph nodes precluded resection.
In addition to assessment of nodal status needed for cancer
staging, mediastinoscopy permits evaluation of the extralu-
minal extent of the tumor. This procedure also assists in
mobilization of the upper airway through development of the
pretracheal plane. For this reason, mediastinoscopy should be
done at the time of the planned resection. 
Incision. Access to the carina is best achieved through a
right posterolateral thoracotomy, typically via the fourth or
fifth intercostal space. An exception to this approach occurs
in cases in which a left carinal pneumonectomy is required.
This may be best accomplished through a left thoracotomy
with mobilization of the aortic arch, bilateral sequential tho-
racotomies, or with a “clamshell” (bilateral submammary,
transsternal) incision. 
Technique of carinal resection. The techniques used for
carinal resection and reconstruction at our institution have
been reported elsewhere.1,2 A few points pertaining to resec-
tion of malignant processes deserve re-emphasis. Frozen sec-
tion analysis of resected airway margins by pathologists
should be immediately available. Extensive dissection
beyond the area of the tumor and the subsequent anastomosis
is avoided because of concerns over airway devasculariza-
tion. For this reason, extended lymphadenectomy is discour-
aged and only those lymph nodes involved with or immedi-
ately adjacent to the main tumor are resected.
Special attention should be paid to maneuvers used to
reduce tension on the newly constructed airway anastomosis.
Development of the pretracheal plane, either through medi-
astinoscopy or via the operative field, can provide some
mobility to the upper airway. Freeing the ventral surface of
the left main bronchus can produce limited mobility in an
analogous manner. Care must be taken to avoid disrupting the
blood supply to the airway, which approaches the trachea
from the lateral aspect. The use of an inferior hilar release can
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provide a significant reduction in anastomotic tension. This is
accomplished by creating a U-shaped incision in the peri-
cardium beneath the hilum after division of the inferior pul-
monary ligament. Even more mobility to the hilum can be
obtained by performing a complete hilar release, dividing the
pericardium circumferentially. When this latter release is
being performed, the posterior vascular and lymphatic attach-
ments to the hilum should be preserved. In general, use of a
right hilar release should be considered in any carinal opera-
tion in which right-sided lung parenchyma is preserved; a left
hilar release results in less cephalad mobility because of the
aortic arch. We have found laryngeal release maneuvers to be
of limited use in carinal surgery because they have not trans-
lated into more distal tracheal mobility. Finally, mild flexion
of the neck allows the upper trachea to devolve into the medi-
astinum and is used at the time the anastomotic sutures are
secured. This degree of neck flexion is maintained for sever-
al days postoperatively (by a stitch between the chin and the
skin overlying the manubrium) and, more important, discour-
ages neck extension, which places undue tension on the
newly constructed airway anastomosis.
Adjuvant therapy. In general, postoperative radiation
therapy was given to all hospital survivors who had not had
an anastomotic complication or who had undergone prior
extensive mediastinal radiotherapy. The rationale for this
approach stems from the limited margins inherent in carinal
resection and reconstruction for carcinoma; the desire for a
wide resection margin is counterbalanced by the need for a
safe, tension-free reconstruction. This is particularly true in
cases in which an anastomosis between the trachea and left
main bronchus is planned (eg, right carinal pneumonectomy)
where the airway resection should be limited to 4 cm or less.
Radiation therapy is given 4 to 6 weeks after the operation,
after airway healing is documented via a bronchoscope. The
usual dose is approximately 5000 cGy.
Statistical methods. Survival data were calculated accord-
ing to the Kaplan-Meier method from the date of operation
and included postoperative deaths.4 Differences in survival
between groups were tested for significance by the log-rank
test.4 Survival analysis was completed with the use of the
computer software program STATA (Stata Corporation,
College Station, Tex).
Results
From 1973 through 1998, 60 patients underwent
resection of the carina with primary (single-stage) air-
way reconstruction at our institution. The patient
characteristics are detailed in Table I. The prior lung
or airway operations in 13 patients included 2 pneumo-
nectomies, 8 lobar or bilobar resections, 2 wedge resec-
tions, and 1 localized tracheotomy and tumor excision.
Preoperative radiation therapy was given as part of a
neoadjuvant protocol (4 patients), as adjuvant therapy
of a prior malignant tumor (4 patients), or for primary
therapy for what was presumed to be an inoperable
lesion (1 patient). 
Preoperative evaluation. All patients underwent
preoperative bronchoscopy. Five patients required pre-
operative endoscopic debulking (“coreout”) of the
endobronchial tumor before definitive resection.
Mediastinoscopy was performed in 48 patients (80%)
and yielded involved N2/N3 nodes in 4 patients, lead-
ing to additional treatment before resection through
institutional protocols assessing neoadjuvant therapy. 
Operative procedure. A right posterolateral thora-
cotomy was used in all but 3 patients. A bilateral tho-
racotomy approach was used in 1 patient for a left cari-
nal pneumonectomy; in another patient requiring a
similar resection, a bilateral submammary, or
“clamshell,” incision was used. In 1 patient who under-
went a right carinal pneumonectomy, a median ster-
notomy was used.
Carinal resection and reconstruction without pul-
monary resection was accomplished in 18 patients.
These individuals had carcinoma limited to the carina,
and the degree of main stem bronchial involvement
varied, dictating the type of reconstruction performed.
In 3 patients in whom a very limited amount of airway
was resected, a “neocarina” was constructed from the
right and left main stem bronchi, with subsequent
implantation to the distal trachea. In 12 patients in
whom a larger airway resection was required, the tra-
chea was brought together end to end with the left main
stem bronchus; the right main stem bronchus was
implanted into the side of the trachea (11 patients) or
left main stem (1 patient). Finally, in 3 patients in
whom extensive airway resection prohibited approxi-
mation of the trachea and left main stem bronchus
because of anticipated anastomotic tension, the trachea
was brought end to end with the right main stem
bronchus with implantation of the left main stem into
the bronchus intermedius.
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Table I. Patient characteristics
No. of patients 60
Age (y) 
Mean 55.6
Range 8-73
Sex
Male, n (%) 42 (70%)
Female, n (%) 18 (30%)
Prior lung or airway surgery, n (%) 13 (22%)
Prior radiation therapy, n (%) 9 (15%)
Diagnosis, n (%)
Squamous cell carcinoma 42 (70%)
Adenocarcinoma 11 (18%)
Large cell carcinoma 4 (7%)
Bronchoalveolar carcinoma 1 (1.6%)
Small cell carcinoma 1 (1.6%)
Mixed squamous/small cell carcinoma 1 (1.6%)
Carinal pneumonectomy was performed in 35
patients (33 right, 2 left). Carinal resection plus
removal of the right upper lobe was completed in 3
patients, and 2 additional patients had carinal and bilo-
bar (right upper and middle lobe) resection. Two
patients had excision of the carina for stump recurrence
after prior pneumonectomy for carcinoma. Thirteen
(22%) patients underwent concurrent lateral resection
of the superior vena cava, partial excision of the mus-
cular wall of the esophagus, or both, because of tumor
involvement. 
Postoperative outcome. The overall operative mor-
tality was 15% (9 patients) and improved from the first
half of the series (20%) to the second half (10%). Early
mortality (<30 days) was noted in 5 patients, all deaths
being related to the development of adult respiratory
distress syndrome (ARDS). ARDS occurred exclusive-
ly after carinal pneumonectomy. Four additional oper-
ative deaths happened late (>30 days), were all related
to anastomotic problems, and occurred an average of
83 days after the operation. Complications were seen in
27 patients (45%) and included atrial arrhythmias (11
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Fig 1. Overall actuarial survival after carinal resection for bronchogenic carcinoma, including operative deaths. The
estimated 5-year survival was 42%. There were 19 actual 5-year survivors and 11 actual 10-year survivors.
Fig 2. Actuarial survival after carinal resection for bronchogenic carcinoma, grouped by nodal status. The esti-
mated 5-year survivals were 51%, 32%, and 12% for N0, N1, and N2/N3, respectively.
patients), anastomotic problems (10 patients), ARDS (6
patients), pneumonia (4 patients), and vocal cord paral-
ysis (2 patients). Mortality and morbidity rates are fur-
ther broken down by operative procedure in Table II.
The median hospital stay was 10 days. 
Margins and nodal status. A microscopic positive
resection margin was noted in 9 patients, consisting of
diffuse carcinoma-in-situ (5 patients) and invasive car-
cinoma (4 patients). This occurred when the maximal
length of airway had been resected to permit safe (min-
imal anastomotic tension) reconstruction. The positive
margin group had a greater mean length of airway
resected (3.3 cm) and a somewhat higher incidence of
anastomotic problems (2/9 patients, 22%) compared
with those patients with a negative margin (2.4 cm;
8/51 patients, 16%). The presence and extent of nodal
metastases is shown in Table II.
Further therapy. Thirty-three patients underwent
postoperative radiotherapy. Four patients had further
procedures related to their carinal surgery, all due to
anastomotic problems. These complications were treat-
ed with granulation removal (n = 1), stenting with T
tubes (n = 1), or carinal re-resection (n = 2). 
Survival and long-term outcome. Complete follow-
up was achieved in 90% of the patients, with a mean
follow-up time of 59 months. The overall actuarial 5-
year survival, including operative deaths, was 42% (Fig
1), with 19 actual 5-year survivors and 11 actual 10-
year survivors. Analysis of survival with respect to
nodal status is shown in Fig 2. Patients without lymph
node involvement (N0) had a survival of 51%, com-
pared with 32% for patients who had involvement of
N1 nodes and 12% for those with involvement of medi-
astinal nodes (N2/N3). Excluding operative deaths,
patients with N0-1 disease had a significantly better 5-
year survival than patients with N2/N3 disease (48% vs
12%; P = .02). Survival data by operative procedure are
detailed in Table II. Patients who underwent isolated
carinal resection and reconstruction had the highest 5-
year survival of the various operative procedures at
51%. The presence of microscopic positive margins
(mean follow-up: 54 months) did not appear to affect
survival (P = .9), nor did the administration of postop-
erative radiotherapy (P = .2). Anastomotic tumor recur-
rence was noted in 2 patients; both patients had nega-
tive resection margins and received adjuvant
radiotherapy. Eleven additional patients had what were
believed to be distant metastases from their original
carcinoma, for a total recurrence rate of 22%.
Discussion
Bronchogenic carcinoma approaching or involving
the carina continues to be infrequently treated with sur-
gical resection because of the perceived complexity of
the procedure, the concern regarding operative morbid-
ity and mortality, and the uncertainty over long-term
survival. Table III gives operative and 5-year survival
data in selected series. However, the ability to provide
bronchoplastic techniques such as carinal resection and
reconstruction can dramatically change the course of
therapy in these patients13 and, in those with localized
disease, offers the best chance of cure. In this retro-
spective study, we present our results in 60 patients
who underwent carinal resection for bronchogenic car-
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Table II. Operative procedure, detailing nodal status and outcome
Nodal status Operative Operative Five-year 
Operation n N0 N1 N2/3 mortality morbidity survival
Carinal pneumonectomy, n (%) 35 15 13 7 7 (20%) 16 (46%) 38%
Carinal resection and reconstruction, n (%) 18 13 1 4 2 (11%) 7 (39%) 51%
Carinal plus lobar resection, n (%) 5 4 1 0 0 3 (60%) 40%
Carinal resection after prior pneumonectomy, n (%) 2 2 0 0 0 1 (50%) 50%
Totals, n (%) 60 34 15 11 9 (15%) 27 (45%) 42%
Table III. Operative mortality and 5-year survival in
selected series of bronchogenic carcinoma treated
with carinal resection
Operative Five-year
First author (y) n mortality* (%) survival (%)
Jensik (1982)5 34 29 15
Deslauriers (1989)6 38 30 13
Tsuchiya (1990)7 20 40 NR
Vogt-Moykopf (1991)8 78 17 NR
Watanabe (1994)9 18 17 NR
Maeda (1993)10 31 16 40
Roviaro (1994)11 28 4 20†
Dartevelle (1996)12 60 6.6 43
Mitchell (2000) 60 15 42
NR, Not reported,
*Includes both early and late mortality.
†Calculated from reported data.
cinoma, including long-term survival data. Although
this report is one of the largest published series to date,
it may be subject to criticism because of the relatively
small number of patients and the long accrual period
for the study (1973-1998). 
The overall operative mortality in this series was
15%, and it improved over the study period from the
first half (20%) to the second half (10%). This mortali-
ty rate was higher than that of our patients undergoing
carinal surgery for other airway neoplasms (8%), like-
ly because of increased patient age (55.6 years vs 40.2
years) and associated comorbidity.2 Combining 16 dif-
ferent studies for bronchogenic carcinoma involving
the carina over the past 34 years, a weighted operative
mortality of 16.4% can be calculated from data encom-
passing 396 patients.5-19 Before the past decade, sever-
al large series reported mortality figures for bron-
chogenic carcinoma involving the carina ranging from
29% to 40%,6-8 prompting discussion of whether thera-
py should be offered to patients when the associated
mortality rate exceeded the anticipated likelihood of
survival. In the past several years, however, significant
improvement in operative mortality has been reported
by Roviaro and associates11 (4%) and Dartevelle and
colleagues12 (6.6%). Our data, particularly over the last
half of the series, are consistent with these later studies
and support the idea that this type of operation can be
safely performed with acceptable mortality rates. 
Essentially all of the operative mortality in this
series could be linked to the development of either
ARDS (5 early deaths) or anastomotic complications
(4 late deaths). The exact cause of ARDS or noncar-
diogenic pulmonary edema in the postoperative set-
ting is unknown.20 It remains a devastating problem
in carinal surgery, with mortality rates as high as
90%,2 and in the present series it was seen exclusive-
ly after carinal pneumonectomy. Our institution has
reported some success in treating ARDS after pul-
monary resection using inhaled nitric oxide,21
although this modality has not been used yet in
patients with carinal disease. The development of
anastomotic complications is likely due to technical
factors at the time of airway resection and recon-
struction. Significant tension on the newly construct-
ed anastomosis, either through ineffective use of
release maneuvers or through excessive airway resec-
tion, can lead to anastomotic separation, fistula, and
late stenosis. Airway resection should be limited to a
maximum of 4 cm, underscoring the importance of
careful preoperative assessment. Avoidance of airway
devascularization, precise anastomotic suture place-
ment, and careful handling of tissues remain key fea-
tures in minimizing anastomotic problems. Finally,
every effort should be made to extubate these patients
at the end of the procedure, because the need for pro-
longed postoperative mechanical ventilation is
strongly correlated with postoperative mortality.2
The overall actuarial 5-year survival in this series,
including operative deaths, was 42%, with 19 actual 5-
year survivors. Patients without nodal involvement
(N0) or with limited involvement (N1) had substantial-
ly better survival than did patients who had involve-
ment of mediastinal (N2/N3) nodes (48% vs 12%,
respectively). These results are remarkably consistent
with the survival data reported by Maeda and cowork-
ers10 and particularly Dartevelle and Macchiarini.12 In
the latter series, the estimated 5-year survival was 43%,
with a significant survival advantage noted in patients
without mediastinal nodal involvement (P = .02).
These statistics are considerably better than those from
earlier reported series.5,6 Several reasons may account
for the observed improvement in survival. Refinements
in surgical and anesthetic techniques as well as
advances in postoperative care have certainly con-
tributed to the reduction in the substantial operative
mortality rate. However, improved patient selection has
probably had the biggest impact on patient survival.
The importance of careful assessment for distant
metastatic disease and detailed evaluation as to who
can tolerate the physiologic impact of the operation
cannot be underestimated. 
In this series, 13 patients (22%) had recurrent carci-
noma, with the mode of failure primarily being distant
metastases. The 2 patients who did have an anastomot-
ic recurrence had documented negative airway margins
at initial resection. The presence of a positive margin
did not adversely affect survival (P = .9), likely because
of the predominance of carcinoma-in-situ in the posi-
tive margin group. The presence of carcinoma-in-situ at
the bronchial resection margin, compared with micro-
scopic invasive disease, has been reported to have a
negligible effect on survival.22,23 Despite these find-
ings, every attempt should be made to perform a com-
plete resection with negative margins, documented by
frozen section analysis at the time of the operation. A
positive margin should be accepted only if further
resection is precluded by excessive risk imposed on the
planned airway reconstruction.
Further work from institutions with considerable
experience in carinal resection is needed to better
define the long-term outcome for patients with bron-
chogenic carcinoma in close proximity to or involving
the carina. However, as refined surgical techniques and
better patient selection have led to a considerable
reduction in the operative mortality rate, this study and
others suggest reasonable survival results may be
expected in the absence of involved mediastinal nodes
or distant metastatic disease. 
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